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REMARKS 

Favorable reconsideration of this application as presently amended and in light of the 
following discussion is respectfully requested. 

Claims 1-8 are pending in the present application. Claims 1, 2-5, and 8 are amended 
by the present amendment. 

In the outstanding Office Action, the specification was objected to and a substitute 
specification was required; Claims 1-8 were rejected under 35 U.S.C. § 1 12, second 
paragraph; and Claims 1, 2, and 8 were rejected under 35 U.S.C. § 102(b) as anticipated by 
De Ronde (U.S. Patent No. 5,1 1 1,164). 

Applicants thank the Examiner for the courtesy of an interview extended to 
Applicants' representative on January 10, 2005. During the interview differences between 
the claims and the prior art were discussed. Further, clarifying claim amendments, similar to 
those presented herewith, were also discussed. No agreement was reached, pending the 
Examiner's detailed consideration of the claim amendments upon formal submission. 
Arguments presented during the interview are reiterated below. 

Regarding the objection to the specification, the specification has been amended as 
suggested in the outstanding Office Action and a substitute specification is enclosed. No new 
matter has been added. Accordingly, it is respectfully submitted this objection be withdrawn. 

Regarding the rejection of Claims 1-8 under 35 U.S.C. § 1 12, second paragraph, 
Claims 1, 2, 4, 5, and 8 have been amended as suggested in the outstanding Office Action 
without adding new matter. Claim 3 has been amended to correct its dependency. 
Accordingly, it is respectfully requested this rejection be withdrawn. 

Regarding the rejection of Claims 1, 2, and 8 under 35 U.S.C. § 102(b) as anticipated 
by De Ronde , independent Claim 1 has been amended to recite that at least a side of one of 
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the quadrate parts makes an angle of 45° with an X axis. The claim amendment finds support 
in the specification at page 6, lines 26-30, and in Figure 3. No new matter is believed to be 
added. 

Briefly recapitulating, amended Claim 1 is directed to a waveguide unit that includes 
a vertically polarized waveguide, a horizontally polarized waveguide, and a wave converter 
interposed between the vertically polarized waveguide and the horizontally polarized 
waveguide. The wave converter has a slit that has a shape formed by a combination of two 
quadrate parts and a connecting part. At least a side of one of the quadrate parts makes an 
angle of 45° with an X axis, on which each center point of the quadrates is located. 

In a non-limiting example, Figure 3 shows the two quadrate parts 12, the connecting 
part 14, and at least a side of one of the quadrate parts 12 making an angle of 45° with the X 
axis. 

Applicants respectfully submit that a waveguide unit having at least a side of one of 
the quadrate parts makes an angle of 45 degrees with an X axis promotes a low cost 
manufacture of an integrated waveguide. 

Turning to the applied art, De Ronde shows in Figure 15 two waveguides 210 and 21 1 
connected by a polarization converter section 212 that has a slit section. In addition, De 
Ronde shows in Figure 16a that the slit has the "form of an 'H'." 1 However, as discussed 
during the interview, the "H" shape of the slit of De Ronde does not have at least a side of 
one of the quadrate parts making an angle of 45° with an X axis. 

Accordingly, it is respectfully submitted that independent Claim 1 and each of the 
claims depending therefrom patentably distinguish over De Ronde . 



1 De Ronde, column 4, lines 37-46. 
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Consequently, in light of the above discussion and in view of the present amendment, 
the present application is believed to be in condition for allowance and an early and favorable 
action to that effect is respectfully requested. 
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Marked-Up Copy 

Serial No. 10/698,520 

WAVEGUIDE UNIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a waveguide unit for 

transmitting and processing microwave or millimeter wave 
signals. In particular , the present invention relates to the 
waveguide unit including a waveguide type-polarized wave 
converter which is interposed between a vertically polarized 
10 waveguide and a horizontally polarized waveguide for 
converting their polarization-planes. 

2. Description of Related Art 

For a transmission path of a micro wave or millimeter 

15 wave band, for example, a rectangular waveguide having sides 
with one-to-two relation has generally been used. 

In order to convert vertically polarized wave signals 
to horizontally polarized wave signals, further, a twisted 
waveguide 1 as shown in Fig. 11 has been conventionally 

20 utilized, the twisted waveguide 1 being made of e.g. 
aluminum, copper, or copper pyrites. In the drawing, when 
vertically polarized wave signals enter into a left end 
opening, their polarization-planes are gradually changed or 
turned along the axis of the unit and horizontally polarized 

25 wave signals are finally output from its right end opening. 
The above conventional waveguide assures small reflecting 
performance over the broad band, but, due to the structure in 
which the waveguide is gradually twisted, it requires for 
considerable length in the direction to which electromagnetic 

30 waves travel, resulting in upoizing size or weight increase. 

The conventional waveguide also requires a high-definition 
curved surface, therefore, an advanced manufacturing 
technique is required, causing high manufacturing cost and 
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unsuitability for high volume production. 

The unexamined Japanese patent publication No. 83/170201 
discloses an another example of a conventional waveguide 
type-polarized wave converter. Fig. 12 shows a perspective 
5 view of the converter described in the Japanese patent 
publication and illustrates a state in which connecting 
flanges are disassembled for better understanding. 

As shown in trhe — drawing Fig. 12 / a waveguide type- 
polarized wave converter 4 made of a thin metal plate is 

10 connected between a vertically polarized waveguide 2 and a 
horizontally polarized waveguide 3 via their respective 
flanges 2a, [ [2b] ] 3a. The waveguide type-polarized wave 
converter 4 is provided with a resonant window 5 with slits 
6a, 6b at the center. The vertically polarized wave microwave 

15 signals that arrived to the resonant window 5 through the 
vertically polarized waveguide 2 are converted to a 
horizontally polarized wave component due to asymmetry in the 
shape of the slits 6 relative to the direction of an electric 
field. The converted signals are output from the horizontally 

20 polarized waveguide 3. The shape of the slit 6 is optimized 
so that polarized wave signals can produce resonance at the 
specific frequency and the vertically polarized wave 
component can be totally converted to the horizontally 
polarized wave component. This structure ensures downoizing 

25 size and weight reduction in the unit, but makes narrow the 
frequency bandwidth which will be able to obtain a proper 
reflecting characteristic because of the use of localized 
resonance phenomenon at the slit 5. 

Therefore, it is not applicable to communication 

30 systems using the broad frequency bandwidth. Furthermore, 
because the resonance window is formed with the slit provided 
in the thin metal plate, it is difficult for the converter to 
be unified with other waveguide parts, resulting in 
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unsuitability for mass production. 

SUMMARY OF THE INVENTION 

5 In view of the foregoing,, an object of the present 

invention is to overcome problems mentioned in the 
conventional structures . 

Another object of the present invention is to provide a 
waveguide unit which ensures downsizing and weight reduction. 

10 A further object of the present invention is to provide 

a waveguide unit having the broad frequency bandwidth. 

A still further object of the present invention is to 
provide a waveguide unit which can be integrally molded with 
other waveguide parts. 

15 According to one aspect of the present invention, there 

is provided, to achieve the above objects, a waveguide unit 
including a vertically polarized waveguide, a horizontally 
polarized waveguide, and a waveguide type-polarized wave 
converter interposed between the polarized waveguides. The 

20 waveguide type-polarized wave converter has a slit on a face 
vertical to its guiding direction, the shape of the slit 
being constituted by combination of two quadrate parts and a 
connecting part for connecting the two quadrate parts. Each 
of the quadrate parts is located on a plane which contains 

25 the orthogonal coordinate axes X and Y, and is symmetrically 
located about the Y axis, each center point of the quadrates 
being located on the X axis . 

According to another aspect of the present invention, 
there is provided a waveguide unit including a vertically 

30 polarized waveguide, a horizontally polarized waveguide, and 
a waveguide type-polarized wave converter interposed between 
the polarized waveguides. The polarized waveguides and 
polarized wave converter are integrally manufactured but can 
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be divided into two parts. 

BRIEF DESDCRIPTION OF THE DRAWINGS 

5 The above objects and advantages of the present 

invention will become apparent from the following detailed 
description of the preferred embodiments when read in 
connection with the accompanying drawings, which are given by 
way of illustration only, wherein like reference numerals 
10 designate like or corresponding parts throughout the several 
views . 

Fig. 1 is a perspective view of a waveguide unit 
according to a first preferred embodiment of the invention. 

Fig. 2 is an exploded perspective view showing the 
15 detail of the waveguide unit according to the first preferred 
embodiment shown in Fig. 1. 

Fig. 3 is a view showing a shape of the slit provided 
in the waveguide unit according to the first preferred 
embodiment shown in Fig. 1. 
20 Fig. — 4 — — a view Figs. 4(a) and 4(b) are views showing 
an overlapping state between the slit in the waveguide unit 
and a vertically polarized waveguide or a horizontally 
polarized waveguide . 

Fig. 5 is a graph showing a reflecting characteristic 
25 of the waveguide unit according to the present invention. 

Fig. 6 is an exploded perspective view showing a 
waveguide unit of an unified or integral type according to a 
second preferred embodiment of the invention. 

Fig. 7 is a cross sectional view taken in [[the]] line 
30 X-X in [[the]] Fig. 6 in an assembled state of the waveguide 
unit . 

Fig. 8(a) to Fig. 8(c) are cross sectional views 
showing metal molds for manufacturing the waveguide unit 
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according to the second preferred embodiment of the 
invention . 

Fig. 9 is a cross sectional view showing metal molds 
for manufacturing the waveguide unit according to the third 
5 preferred embodiment of the invention. 

Fig. 10 is a view showing a modified embodiment of the 
slit shape shown in Fig. 3. 

Fig. 11 is a perspective view showing a conventional 
twisted waveguide unit. 
10 Fig. 12 is an exploded perspective view showing another 

conventional waveguide unit which has a waveguide type- 
polarized wave converter with a resonant window. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 

Embodiment 1 . 

Fig. 1 is a schematic perspective view of a waveguide 
unit according to a first preferred embodiment of the 
invention, wherein a waveguide type-polarized wave converter 

20 10 being interposed between a vertically polarized waveguide 
2 and a horizontally polarized waveguide 3. 

Fig. 2 is an exploded perspective view showing a 
detailed construction of the waveguide unit according to a 
first preferred embodiment, in which the waveguide type- 

25 polarized wave converter 10, the vertically polarized 
waveguide 2, and a horizontally polarized waveguide 3 are 
disassembled by separating the connecting flanges 2a, [ [2b] ] 
3a , respectively. In the waveguide type-polarized wave 

converter 10, a slit 11 is formed as described in detail 

30 hereafter, in which dimensions A in the direction to which 
the microwave travels is set to 1/4 of the group wavelength 
of the unit. The purpose of the above setting is because the 
reflected waves appearing at a stepped portion of the 
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waveguide unit, which are caused by susceptance in the 
distributed parameter lines, are cancelled each other, thus 
bringing a reflection characteristics to the best. 

Fig. 3 is a view showing the detailed shape of the slit 
5 11 provided in the waveguide type-polarized wave converter 
10. The shape of the slit 11 is constituted by combination of 
the two quadrate parts 12,13 and the connecting part 14 which 
connects the quadrate part 12 with the quadrate part 13 as to 
be a single polygonal shape. 

10 In other words, assuming that X axis and Y axis are as 

shown in the drawing, the overall shape represents a 
polygonal periphery consisting of the combination of the two 
quadrate 12,13 and the connecting part 14. Each quadrate 
12,13 has same size and is located on a plane which contains 

15 the orthogonal coordinate axes X and Y so that each quadrate 
is symmetrically located about the Y axis. Further, each 
center point 12c and 13c of the quadrates 12, 13 is located 
on the X axis and each side of the quadrates 12, 13 is at an 
angle of 45 degrees with the X axis. The connecting part 14 

20 forms a ridge structure that is a narrow and straight shape. 

Therefore, each side of the respective quadrates 12 and 
13 is at an angle of 45 degrees with the X axis. The length x 
of each side of the quadrates 12,13 and the length y of the 
connecting part 14 are suitably set to its best value for 

25 exerting an preferable influence upon characteristic 
impedance, susceptance, and other characteristic in the 
distributed parameter lines. The length r of the connecting 
part 14 in the direction of Y axis is designed so that 
electromagnetic wave is concentrated on the ridge portion, 

30 causing susceptance appearing at the stepped portion of the 
waveguide to become smaller, and minimizing the reflecting 
wave generated therefrom. 

Fig. 4 (a) and (b) are views showing an overlapping 
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state between the slit 11 of the waveguide type-polarized 
wave converter 10 and a vertically polarized waveguide 2 or a 
horizontally polarized waveguide 3 (see Figure 2) . The 
stepped portion refers to the portion which is not overlapped 
5 at the connecting portion between the polarized wave 
converter 10 and the polarized waveguide 2 or 3, and is shown 
with hatched portions V, W in Fig. 4(a) and (b) . The stepped 
portion is caused by the inclination of the slit 11 from the 
polarized waveguide 2 or 3 at the angle of 9 i.e. 45 degrees. 
10 Now the operation of the above embodiment will be 

described with reference to Fig.l to Fig. 4. 

In Fig. 1 and Fig. 2, first of all, the vertically polarized 
wave-microwave signals are input to the left side opening of 
the vertically polarized waveguide 2, and enter into the 

15 waveguide type-polarized wave converter 10 through the 
vertically polarized waveguide 2. As described before, the 
waveguide type-polarized wave converter 10 has the ridge 
structure with which the electromagnetic field is 
concentrated on that portion. Therefore, even if the stepped 

20 portions V, W shown in Fig. 4 occupy substantially large area 
in the unit, the ridge structure enables to decrease 
reflection of electromagnetic field at the stepped portions. 

In addition, as the length A in the waveguide type- 
polarized wave converter 10 in the direction to which the 

25 microwave travels is set to 1/4 of the group wavelength of 
the unit, the residual reflecting waves are canceled each 
other at both of the stepped portion (hatched portion W in 
Fig. 4(b)) between the vertically polarized waveguide 2 and 
the waveguide type-polarized wave converter 10 and the 

30 stepped portion ( hatched portion V in Fig. 4(a)) between the 
waveguide type-polarized wave converter 10 and the 
horizontally polarized waveguide 3. 

Furthermore, the dimension of the slit provided in the 
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waveguide type-polarized wave converter 10 is designed so 
that its characteristic impedance becomes equivalent to that 
of the vertically polarized waveguide 2 and the horizontally 
polarized waveguide 3. As the result, the reflecting wave 
5 caused by difference in . the respective characteristic 
impedance values can be effectively minimized. 

As described above, the microwave signals are converted 
by 90 degrees in its polarized wave face with the waveguide 
type-polarized wave converter 10 and are effectively 
10 transmitted to the horizontally polarized waveguide 3, and 
are finally output from the right end opening shown in Fig. 1 
and 2 . 

Fig. 5 is a graph showing a reflecting characteristic 
of the waveguide unit according to the present invention, 
15 plotting frequency (GHz) in the abscissa and reflecting 
coefficient (dB) measured by S parameter (Sll) in the 
ordinate . 

In general, it is required in this field that the value 
of S parameter Sll is less than -30 dB. Thus, the graph shows 

20 under the condition that a fractional bandwidth that is the 
ratio of the signal bandwidth (f2-fl) over the center 
frequency fO is approximately 26% in this embodiment. This 
results in greatly improved broad band performance compared 
with the conventional waveguide type-polarized wave converter 

25 having the resonant window in which a fractional bandwidth is 
less than 10%. 

Embodiment 2 

This embodiment shows an example in which those 
30 polarized waveguides 2, 3 and polarized wave converter 10 are 
integrally manufactured but divided into two parts. 
Fig. 6 is an exploded perspective view showing the waveguide 
unit of the above integral structure, the integrated or 



unified waveguide unit is divided into two parts up and down 
at a divided face D to facilitate its manufacturing or its 
molding work. 

In the drawing, the lower waveguide unit 100a and the 
5 upper waveguide unit 100b have geometrically identical form 
or structure each other. When they are unified at the divided 
face D by the screws through the connecting holes 20, the 
rectangular vertically polarized waveguide 2 is formed by the 
combination of the lower vertically polarized waveguide 2a 

10 and the upper vertically polarized waveguide 2b. As well, the 
rectangular horizontally polarized waveguide 3 is formed by 
the combination of the lower vertically polarized waveguide 
3a and the upper vertically polarized waveguide 3b. 

Fig. 7 is a cross sectional view taken in the line X-X 

15 in the Fig. 6 in an assembled state of the waveguide unit, 
the slit 11 of the waveguide type-polarized wave converter 10 
being illustrated. This preferred embodiment enables to apply 
a mass production method such as a metal molding processing 
and a metal plating to aluminum-die-casting or plastic 

20 injection molding goods. Fig. — 8 — (a) (b) (c) Figs . 8(a), 8(b), 
and 8(c) show the states in which the lower waveguide unit 
100a or the upper waveguide unit 100b is formed with a metal- 
molding. Fig. 8(a) represents a cross sectional view taken in 
line A-A in Fig. 6, Fig. 8(b) in line B-B, and Fig. 8(c) in 

25 line C-C. In Fig. 8(a) to Fig. 8(c), numeral 21 denotes the 
upper metal mold, 22 the lower metal mold, 100a the lower 
waveguide unit. Taking these constitutions, the metal mold 
21, 22 are easily moved up and down without any disturbance 
in the process of molding the waveguide unit 100a, as the 

30 result, it becomes possible for the waveguide unit to be 
easily manufactured with low cost. 

According to the second embodiment, therefore, the 
polarized waveguides 2, 3 and polarized wave converter 10 are 



9 



integrally manufactured but divided into two parts, thus, 
increasing in applicability for mass production using metal 
molding . 

5 Embodiment 3 

In the above embodiments, it is described cases in 
which the wall angle of the waveguide unit is 0, 45, or 90 
degrees against X-axis and Y-axis - However, it is possible to 
use slightly larger angle than 0, 45, or 90 degrees to cause 
10 . the metal mold to be pulled out more easily. 

Fig. 9 shows an example of the waveguide unit 100a, 
100b with the gradient y for pulling the metal mold out. The 
gradient y makes the metal mold put in or out easily, thus 
improving molding performance. 

15 

Embodiment 4 

In above embodiments, it is described the cases in 
which a corner angle of the slit 11 is 90 degrees. Fig. 10 
shows other modifications in the corner angle of the slit 11, 

20 more specifically, the quadrate parts 12, 13 of the slit 11 
are tapered at the end corners as shown in a solid line C or 
are rounded as shown in a dotted line R. 

These modifications lead to easier metal molding and 
improved plating stability of metal to be attached on the 

25 inner wall of the slit 11 by removing sharp edges as much as 
possible . 

Whereas many alterations and modifications of the 
present invention will no doubt become apparent to a person 
of ordinary skill in the art after having read the foregoing 
30 description, it is to be understood that the particular 
embodiment shown and described by way of illustration is in 
no way intended to limit the scope of the claims which in 
themselves recite only those features regarded as essential 
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to the invention. 



